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POWER SUPPLY FOR A SATELLITE RECEIVER 



Cross Reference to Related Applications 
This application claims the benefit of the filing date of each of Provisional Application 
serial number 60/370,016, filed April 3, 2002 and of Provisional Application serial number 
60/38 1 ,859, filed May 20, 2002. 

Field of the Invention 
The present invention concerns a protection arrangement for a voltage regulator. 
A block diagram of a typical satellite receiver system is depicted in FIGURE 1. The 
receiver system includes an outdoor microwave antenna 85 which can be aimed at a satellite 
to receive a signal from a satellite. The signal received from the satellite is amplified by a 
conventional low noise block converter (LNB) 86 mounted in very close proximity to or on 
the antenna. LNB 86 down-converts satellite signals at high frequencies, typically in the 
gigahertz range, to signals at frequencies in the high megahertz range. An output signal from 
LNB 86 is carried to an indoor satellite receiver and decoder system 83 by a coaxial cable 84, 
decoded and presented with a monitor device 81. 

In order to supply power to LNB 86, as well as to control the polarization selection of 
LNB 86, a direct current (DC) output supply voltage V 0 , produced in a power supply, not 
shown, but included in satellite receiver and decoder system 83, is multiplexed onto the center 
conductor of coaxial cable 84. Voltage Vo has a level that is, selectively, either 13V or 18V. 
The power supply, not shown, may include a series pass transistor. An example of a prior art 
power supply that generates output supply voltage similar to voltage V 0 is described in United 
States Patent No. 5,563,500, entitled, VOLTAGE REGULATOR HAVING 
COMPLEMENTARY TYPE TRANSISTOR in the name of Muterspaugh (the Muterspaugh 
Patent). 

The lower and higher output supply levels of voltage V 0 are used, selectively, to 
control polarization settings of LNB 86. For example, the lower voltage level 13 V selects 
right hand circular polarization (RHCP) and the higher voltage 18V selects left hand circular 
polarization (LHCP). 

The circuits in LNB 86 of FIGURE 1 are designed to function properly when 
energized at either the lower output supply level 13V and the higher output supply level at 
18V. A current drain IO of LNB 86 is about the same with either of the 13V level or the 18V 
level. 
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Figure 2 illustrates a typical relationship between output supply voltage Vo and output 
current IO of the power supply, not shown, of the satellite receiver system of FIGURE 1 . The 
maximum power dissipation in the series pass transistor will occur when the voltage 
difference between the input and output main current conducting terminals of the series pass 
5 transistor, not shown, is at the maximum and the output current is at the maximum. This 
condition will occur at the 6 volt level of FIGURE 2. 

With the need to supply three or more satellite antenna devices from a single satellite 
receiver, the power requirements of the satellite antenna supply are increased. This increase 
in power driving capability results in a greater power loss (in the form of heat) when a fault 
10 condition is present in the power supply. There is a need to minimize the heat generated in 
the controllable series pass transistor during a fault condition. The controllable series pass 
transistor may be damaged if a short circuit or other fault is formed at the output terminal of 
the series pass transistor. A fault condition may be a result of, for example, improper wiring 
the output of the receiving instrument. Examples of improper wiring include driving a nail 
15 through the coax cable and connecting of the satellite receiver to a conventional roof antenna 
instead of the satellite dish. Such damage often is caused by excessive thermal dissipation of 
the series pass transistor or by exceeding the current rating of the series pass transistor. For 
this reason, it is common to provide overload protection to prevent such damage to the series 
pass transistor. 

20 Another prior art includes a dual input supply voltage of arrangement. When the 

higher output voltage 18V is selected, a higher input supply voltage of 22 volts is developed at 
an input, main current conducting terminal of the series pass transistor, not shown. On the 
other hand, when the lower output voltage of 13 volts is selected, a lower input supply voltage 
at 16 volts is developed at the input main current conducting terminal of the series pass 

25 transistor, not shown. Thereby, the power dissipation in the power series pass transistor, not 
shown, when the lower output voltage of 13 volts is selected, is, advantageously, reduced. 

A power supply, embodying an inventive feature, includes the aforementioned dual 
input supply voltage arrangement. A comparator senses a magnitude of an output voltage 
produced by the series pass transistor. When, as a result of an over current condition, the 

30 output voltage becomes lower than a reference threshold level, any attempt to select the higher 
output voltage of 18V is automatically over-ridden and the lower input supply voltage, 
instead, is developed at the input main current conducting terminal of the series pass 
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transistor, not shown. This action, advantageously, decreases the maximum amount of power 
that the series pass transistor dissipates. 

Summary of the Invention 

A power supply for a communication apparatus, embodying an aspect of the invention 
includes, a source of a first control signal that is indicative when a first antenna signal is to be 
selected and when a second antenna signal is to be selected. A power transistor is responsive 
to the first control signal for generating an output supply voltage at a value selected in 
accordance with the first control signal. The output supply voltage is coupled to a stage of the 
communication apparatus to select the first antenna signal, when a first value of the output 
supply voltage is generated and the second antenna signal, when a second value of said output 
supply voltage is generated. A switch is responsive to the first control signal and coupled to 
an input of the power transistor for selecting, in a first switching state of the switch, a first 
input supply voltage to be developed at the input, when the first antenna signal is selected. In 
a second switching state of the switch, a second input supply voltage is selected to be 
developed at the input, when the second antenna signal is selected. A fault detector is coupled 
to the switch for changing the switching state in the switch, when the second antenna signal is 
selected and a fault condition occurs, to select an input supply voltage to be developed at the 
input that is different from the second input supply voltage. 

Brief Description of the Drawings 

FIGURE 1 illustrates a typical satellite receiver system; 

FIGURE 2 illustrates a typical relationship between an output supply voltage and 
output supply current of a power supply of the satellite receiver system of FIGURE 1 ; 

FIGURE 3 illustrates a power supply regulator, embodying an inventive feature, which 
can be incorporated in the satellite receiver system of FIGURE 1; 

FIGURE 4 illustrates a flow chart for describing a mode of operation the power supply 
regulator of FIGURE 3 providing protection by a hardware technique; 

FIGURE 5 illustrates a flow chart for describing a mode of operation the power supply 
regulator of FIGURE 3 providing protection by a combination of software and hardware 
techniques; and 

FIGURE 6 illustrates an alternative embodiment of the power supply regulator shown 
in Figure 3. 
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Detailed Description of the Preferred Embodiments 
FIGURE 3 illustrates a power supply regulator 10, embodying an inventive feature, is 
used to energize a low noise block converter (LNB) 86 of FIGURE 1. Power supply regulator 
10 of FIGURE 3 provides regulated output voltage V 0 at an output terminal 16. Terminal 16 
is coupled to LNB 86 via coax cable 84 of FIGURE 1 . An emitter of a series pass power 
transistor Ql of FIGURE 3 is supplied with an input voltage higher than regulated output 
voltage V 0> developed at terminal 16. A collector of transistor Ql is coupled via a current 
sensing resistor 20 to terminal 16. 

An LNB voltage control circuit 7 senses output voltage V 0 and controls power 
transistor Ql for regulating output voltage V 0 . A level of output voltage Vo is selected by a 
bi-level or binary control signal 23c at a control terminal 53. 

In the absence of a fault condition, the steady state level of output voltage V 0 is 
greater than, for example, 10V. Therefore, a comparator 22, embodying an inventive feature, 
having a corresponding reference voltage 22a, produces an output signal 23a at a TRUE state. 
Reference voltage 22a establishes the threshold level of comparator 22. Consequently, a 
signal 23c produced by an AND gate 23 is at the same state as that of an output signal 23b 
produced by a microprocessor 41 . Thus, signal 23c can selectively assume either a TRUE 
state, for selecting output voltage V 0 at 18V, or a FALSE state, for selecting output voltage 
Vo at 13V, in accordance with signal 23b of microprocessor 41. For example, the lower 
voltage level 13 V of output voltage V 0 selects right hand circular polarization (RHCP) and 
the higher voltage 18V of output voltage V 0 selects left hand circular polarization (LHCP). 
Thereby, the antenna signal produced by antenna 85 of FIGURE 1 varies. Thus, the regulation 
in power supply regulator 10 of FIGURE 3 is performed similarly to that described in the 
Muterspaugh Patent. 

FIGURE 3 also illustrates a dual input supply voltage arrangement 200 for generating 
input voltage V m that energizes LNB power supply regulator 10. When the higher output 
level of voltage Vo at 18 volts is selected, a metal oxide semiconductor field effect transistor 
(MOSFET) 51, operating as a switch, is turned on by signal 23c to supply input voltage Vm at 
22 volts to the emitter of transistor Ql from an input supply voltage 301 . On the other hand, 
when the lower level of output voltage V 0 at 13 volts is selected, MOSFET 51 is turned off by 
signal 23c. Consequently, input voltage Vjn at approximately 16 volts is supplied to the 
emitter of input voltage Vin via an anode terminal of diode 21. transistor Ql via a diode 21. 
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Thus, diode 21 and MOSFET 51 form an input voltage selection switch for a dual voltage 
power supply. 

In normal operation, power supply regulator 10 generates output voltage V 0 at the 18 
volt level from input voltage Vw at approximately 22 volts. Similarly, power supply regulator 
10 generates output voltage V 0 at the 13 volt level from input voltage V m at approximately 16 
volts. 

An LNB, similar to LNB 86 of FIGURE 1, includes an internal power supply 
regulator, not shown, for generating an internal supply voltage of 5V, not shown, from voltage 
V 0 at either the 13V level or the 18V level. The internal power supply regulator, not shown, 
requires a minimum input supply voltage of 6V for producing the 5V level that is capable of 
providing the maximum required LNB operation current. Thus, a maximum LNB operation 
current can be produced when voltage V 0 at at least 6 volts level is applied to LNB 86. In 
order to assure proper power up operation, power supply regulator 10 of FIGURE 3 is 
designed to supply a maximum current level of an output current L, when output supply 
voltage V 0 is equal to or greater than 6 volt. The relationship between output supply voltage 
V 0 and an output current Io are shown in FIGURE 2, as explained before. 

In normal operation (non current limit), the voltage drop between the emitter and 
collector of power transistor Ql is within a normal, safe level. A fault condition occurs when, 
for example, an impedance that is too low is connected to output terminal 16. Consequently, 
power supply current Io reduces voltage V 0 to the 6 to 10 volt output level at terminal 16, 
because of current limiting, as shown at the 6 volt level of FIGURE 2. 

The maximum power dissipation in transistor Ql of FIGURE 3 occurs when voltage 
V 0 is equal to 6V and output current Io is at the current limit level. If not prevented from 
doing so, the decrease in output voltage V 0 would cause the voltage drop develop between the 
emitter and collector of power transistor Ql to become excessive when input voltage Vin at 22 
volts is coupled to the emitter of transistor Ql . The additional heat generated in such fault 
condition could prematurely produce a permanent damage to power transistor Ql . 

In carrying out an inventive feature, when voltage V 0 is lower than a threshold level of 
approximately 10V, as depicted in a step 91 of the flow chart of FIGURE 4, output signal 23a 
of comparator 22 of FIGURE 3 is at a LOW state. When output signal 23a comparator 22 is 
at the LOW state, it over-rides, by the operation of AND gate 23, the operation of selection 
signal 23b. Thereby, power supply regulator 10 is forced to operate in a 13V mode in which 
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output voltage Vo is 13V, as depicted in a step 92 of the flow chart of FIGURE 4, regardless 
of selection signal 23b produced by microprocessor 41. 

As explained before, when the lower level of 13 volts of output voltage V 0 is selected, 
MOSFET 51 , is turned off by signal 23b to supply, via diode 21 , input voltage Vm at 
approximately 16 volts at the emitter of power transistor Ql. This action, advantageously, 
decreases the amount of power that power transistor Ql needs to dissipate. The threshold 
level established by voltage 22a is preferably selected to be lower than the lower voltage level 
13V of output voltage V 0 , and higher than 6 volts. 

Instead of using AND gate 23 for over-riding the selection, software protection can be 
used, as depicted in the flow chart of FIGURE 5. In such an alternative arrangement, signal 
23a of FIGURE 3 is coupled to microprocessor 41 , as shown by the broken line. Signal 23b 
of microprocessor 41 is passed to terminal 53. Microprocessor 41 monitors signal 23a. When 
output signal 23a of comparator 22 is at the LOW state, indicating a fault condition, as 
determined in step 1 1 1 of FIGURE 5, microprocessor 41 of FIGURE 3 unconditionally 
generates signal 23b at the LOW state. Therefore, power supply regulator 10 is forced to 
operate in the 13 volt mode, in a manner described before, as depicted in step 112 of FIGURE 
5. When the fault condition disappears, as depicted in step 1 13 of FIGURE 5, normal 
operation step 1 14 can resume. On the other hand, if the fault persists, an interval timer step 
1 15 will maintain the 13 volt mode. If fault is not detected in step 111, microprocessor 41 of 
FIGURE 3 selectively generates signal 23b at the LOW state or at the HIGH state in a step 
1 16. Signal 23b of FIGURE 3 at the HIGH state will cause power supply regulator 10 to 
operate in the 18 volt mode in which output voltage V 0 is 18V, in a manner described before, 
as depicted in step 1 17 of FIGURE 5. 

FIGURE 6 illustrates a power supply regulator 10', embodying an inventive feature, 
that is used to energize LNB 86 of FIGURE 1. Similar symbols in FIGURES 3 and 6 indicate 
similar items or functions. 

Power supply regulator 10' of FIGURE 6 is intended to provide additional advantages, 
for example operating with fewer parts at a lower cost and protecting power transistor Ql' 
against thermal damage from excess heat dissipation. These advantages are achieved by 
eliminating the dual input supply voltage and, instead, switching a power resistor 3 10' into 
and out of a series coupling with power transistor Ql '. Resistor 310' is coupled between a 
main current conducting terminal 5 1 a' and a main current conducting terminal 5 lb'. The 
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differences between the arrangements of FIGURES 3 and 6 will be described in detail; the 

remaining operation being substantially the same. 

In order to save cost, a single input supply voltage 301' is provided, namely the 22 volt 

supply. Power resistor 310' is used to absorb the additional heat generated in the lower 13 volt 
5 mode, when the lower level of 13 volts of output voltage V 0 is selected. Power resistor 3 10' 

can be implemented, for example, by using two resistors coupled across the main current 

conducting terminals 5 1 a' and 5 1 b' of MOSFET 5 1* and having an equivalent value of 9 Ohm. 

As explained before, circuit 10 of Figure 3 employs diode 21 and MOSFET 51 to switch 

voltage Vin to the 16 volt level, in a fault condition and when the lower level of 13 volts of 
10 output voltage V 0 is selected. Whereas, in the embodiment of Figure 6, MOSFET 5 1 ' causes 

power resistor 3 10' to be coupled in series with transistor Ql\ both in a fault condition and 

when the lower level of 13 volts of output voltage V 0 is selected. 

When the LNB supply is in the 13 volt mode, that is when the lower level of 13 volts 

of output voltage Vo is selected, and a high current level is demanded from the supply, 
15 substantial heat is dissipated by power transistor Ql ' This heat dissipation burden is 

advantageously shared by power resistor 310'. Whether power resistor 310' is in or out of the 

circuit depends on MOSFET 5 1 ' being on or off. 



